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Motivation

e Study processes by “cloud type”
* “Cloud type” from MODIS is quite ambiguous

e \Water phase or CTH (low-middle-high) perhaps too
simplistic for distinguishing between cloud types

* In areas ~(100km)? multiple cloud types may exist

* Therefore it may make more sense to talk about cloud
“mixtures”, the most dominant of which are “regimes”

 Regimes obtained by clustering analysis applied to
cloud property co-variations



MODIS cloud regime (CR) analysis so far

How CRs look from active sensors (CloudSat/CALIPSO)
CR Thermodynamic environment from AIRS
Breakdown by CR of precipitation and radiation budget
Aerosol effects on clouds and precipitation by CR
Horizontal cloud inomogeneity by CR

How CRs will change with C6
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Key Points:
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Where the dynamical CRs occur
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Breakdown of Aqua dynamical CRs by
CloudSat cloud type
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Aerosol effects’on.clouds and precipitation

Level-3 C5.1 MODIS Aqua and Terra daily data
TMPA surface precip 3-h 0.25° data; match with MODIS

For each MODIS 1° gridcell with an AOD (from either Terra or
Aqua) we calculate the Al (=AODxAngstrom); Al relates to aerosol
column number. We calculate gridcell seasonal Al distributions for
each gridcell and perform composite by CR and Al percentile.

We often focus on the upper (3Q, “high” aerosol) and lower (1Q,
“low” aerosol) quartile and perform statistical significance tests

Land/ocean separation helpful

High latitudes (>50°) are excluded from the analysis (no precip
available from TMPA)
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MODIS microphysical regimes (C5.1)

CR1 RFO: 7.34 CR2 RFO: 7.73 " CR3 RFO: 691 CR4 RFO: 5.51

90

Ice C Ice CF: 6.9
40
30 .
Ice
Bl .
= liquid
%)
=
"g \
o 0 4 8 15 30 50 100 0 4 8 15 30 50 1 4 50 4 15 30 50 100
o CR5 RFO: 8.18 N CR6 RFO: 5.22 CR7 RFO: 9.99 CR8 RFO0:49.11
E Ice CF: 5.7 Ice CF: 6.1
1) 40 40
D]
= R
b5 ? ice
o]
=
2
@)
liquid

30 100 15 30 50

15 50 I 0 . 4 8
Cloud optical thickness

0.1 02 04 0.8 15 3 6 10 20 30



ical regimes

n
S~
=
Q.
(@)
L S
2
S
4,
Q
O
=
-
LN
O

RFO:5.51

50

30
RFO: 8.18

15

| =
[~
O

(wm) snIper 9A13093J9 pnof)

8

4

30 50 100 0

Cloud optical thickness

15

10

1.5

08

04

90

70

50

40

30

25

20

16

13

10



3Q vs 1Q precipitation (50S-50N)
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Summary

From low to high Al
DCR=dynamical regimes; MCR=microphysical regimes
DR | DCRy | DR MCR. MCR, | MCE,

Prcp m™ - o m - o
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red arrow: consistent with invigoration; blue arrow: consistent with 15t and 2"? indirect effect







Global mean values for inhomogeneity parameter




Inhomogeneity by and within CRs
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Dynamical CRs will change with Collection 6

€5.1 c6 C6 with PCL
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Preview of Collection 6 dynamical CRs

C6 PCL

CR1 CF:92.04 RFO: 8.00

CR3 CF:89.23 RFO:7.36

CR2 CF:89.64 RFO:745

60 150

RFO:51.93

0 13 36 94 23
CR6 CF: 4042

13 36 94 23 60 150

0

13 36 94 23 60 150

0

=t
O
=
S
By
~
p=
o0
wy
3
O
)
24
O
R EEE
(qu)ainssaxd doy pnop)
a
No)
~
:
O
2
o0
]
43
O
«
21
O

13 36 94 23 60 150

0

60 150

0 13 36 94 23
1336 94 23 60 150 Cloud optical thickness

0

10 15 20 25 35

6

0.1 02040815 3

Cloud fraction (%)




Breaking into “sub-regimes”
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Take home messages

* A regime-based approach adds insight to many
studies involving clouds

* Cloud regimes can be defined to be more closely
associated with either dynamics or microphysics

e With MODIS simulator implemented in GCMs, a

CR-based model validation becomes possible (work
underway with ISCCP CRs and CMIP5 data)

* Robustness of CRs is important issue. C5.1 to C6
transition is expected to have impact
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